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ELECTRICAL FEATURES OF BLOCK SIGNALING:.

BY L. H. THULLEN.

It is only within the last decade that electricity has played
any important part in block signaling. Previously to that
time the only electricity used in signaling was the current
from a few batteries for the track circuit, and for the operation
of pin-valve magnets in the electropneu-rratic system of sig-
naling and interlocking. During the last few years the use of
electricity for signaling has steadily increased. Now electricity
is the chief feature of all signaling apparatus. A brief sketch
of the older methods of signaling will be first presented, as they
are still in use, and therefore not without interest.

TELEGRAPH BLOCK SYSTEM.
The first system worthy of notice is what is known as the

telegraph block system, which is yet extensively used, especially
on single-track roads. In this system the road is divided into
sections of a predetermined length, an average section or block
being from one to three miles long. An operator is stationed
in a tower at the entrance of every block, and by means of
hand-operated signals gives the engineer of an approaching
train a clear- caution- or stop-signal, as the case may be. Under
normal conditions only one train is allowed in a block at a time.
The operator allows a train to enter a block only'after he has
receiv'ed information from the operator at the other end that all
trains have cleared that block. This information can be given
by means of a bell-signal, or by telegraph.
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LOCK-AND-BLOCK SYSTEM.
A system similar to the telegraph block system, but more

automatic in its action, and not depending entirely upon the
vigilance of the operator, is what is known as the lock-and-block
system. In this system the machine that operates the signal
is locked by means of a track circuit, and is unlocked by the
operator in the block in advance when all trains have cleared
the section. A system of bell-signals is used in the lock-and-
block system to give notice to the towerman.

AUTOMATIc BLOCK SIGNALING.
The automatic block system of signaling, that does not de-

pend in any way tupon any operator for its proper manipula-
tion , however, is coming into extensive use at the present time.
In this system, as in the two systems just outlined, the road
is divided into sections, or blocks. An automatic signal indi-
cates to a train approaching a block that the block ahead is
either occupied or unoccupied by a train. It is quite customrary
to place two signal-blades upon one post, by which two signals
can be given, one signal showing the condition of the first block
in advance, and the other making known the condition of the
second block in advance. Or one blade only may be employed
which may occupy three positions: vertical, indicating that
two blocks in advance are clear of trains; an angle of 450, or
caution-signal, denoting first block clear, and second block
occupied; horizontal, or danger-signal, indicating that the first
block is occupied.
-These signals are usually operated either by compressed air,

or by electricity, although carbonic-acid gas is sometimes used.
However, the electrically-operated signals are coming more
and more into use, and bid fair to be the signals of the future..

TRACK CIRCUIT.
All atutomatic signals are controlled by a track circuit as.

shown diagrammatically in Fig. 1. A is a source of electric
energy, usually in the form of a battery of one or more primary
cells, or a storage-battery of oPne cell. In the latter case a re--

sistance of one ohm, to prevent an excessive discharge of cur-
reint when a train is in a block, is placed between the cell and
the track. When storage-batteries are used they are charged
from mains extending along the track. The cells are in

uplicate, one being charged while the other is in use; the
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batteries are switched in or out, either automatically or by the
signal inspector when on his rounds.
At the other end of the block is a relay that controls the opera-

tion of the signals through a local circuit. The signals are
generally operated by a 1-h.p. motor, and 5 storage-cells each
of 24 ampere-hours' capacity. The energy taken to operate
most signals is 2 amperes at 10 volts for 6 secornds. When
the signal has assumed the normal position, the circuit to
the motor is opened and the signal held in positioin by an
electromagnet. The current required to hold the signal in
this position is only 0.01 of an ampere.
When a train enters a block the relay B is shunted, its ar-

mature drops and opens the local circuit, thus allowing the
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FIG. 1.

signal to move to the danger position. The signal is not cleared
again until the train leaves that block.

It is interesting to note that in a block-section 4000-ft. long,
when the track is covered with snow, or the ties wet with
rain, and the ballast up to the flange of the rails, the resis-
tance between the two rails will not exceed 0.5 ohm.
To the average engineer these pieces of apparatus seem quite

simple, but if he stops to consider he will at once be impressed
by the degree of exactness required to make them faultless,
and operative under all conditions of weather and changes of
temperature. In fact all parts must be practically perfect,
for the lives of thousands daily depend upon the proper opera-
tion of the signals.
The signaling apparatuLs is so designed that no probable

events or conditions will cause a clear signal when a danger
signal is required. For instance, all electric circuits are closed
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when in the clear position; any broken wires or broken rails
will put the signal to the danger position. Also, all forces are
always operated against gravity, no springs or other forces
being used to put the signal at danger. Under all adverse con-
ditions the automatic signal is therefore by far the most reli-
able.

SYSTEM ON BOSTON ELEVATED R.R.

Since the adoption of electricity for motive power on steam
roads great changes have been made in the art of railway sig-
naling. On steam roads the track can be subdivided into
sections equal to the length of a block, but on electric roads
the rails must be continuous in order to provide for the return of
the propulsion current. At first one rail was made continuous
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and the other subdivided into sections equal to the length of
the block. A source of current was supplied to one end of
the block, and a relay having a polarized armature was placed
at the other end. This relay was operative only by the track
current which was connected in opposition to the current

traversing the subdivided rail. This system is shown diagram-
matically in Fig. 2. It was installed on the Boston Elevated
R.R. in 1901, and is still in use.

MORE RECENT SYSTEM.

Another system of more recent date, installed on the North
Shore Railroad in California, and in the New York Subway,
consists of the application of an alternating current to the
track, and the use of a relay operative by alternating current
only. This system is shown in Fig. 3. A-A are block-
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sections. B-B are transformers which transform current
from a high pressure-500 to 2000 volts-to about 10 volts
for the track circuit. C-C are resistances placed between
the transformer arnd track, and relay and track; the former to
limit the amount of alternating and direct current flowing
through the transformer, the latter to limit the direct current
traversing the apparatus at the relay end of the block.

B

FIGA.4

D is a relay made to operate oni the Ferraris principle. This
relay is shown by Figs. 4 and 5, in which A is an aluminum disc,
B a lami-nated iron core, and C a copper ferr-ule which embraces
one-half of the poles of the laminated iron core., D-D are the
coils traversed by the alternating track-current. As can be
readily seen, this relay will operate by alternating, current only.
Referring to Fig. 3, E is an impedance coil of low ohmic resist,
ance, which offers, a free path for the direct current, but is,
traversed by only a small, part of the alternating current., The
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impedance coil is, therefore, a shunt to the alternating-current
relay; one object of the shunt coil is to limit the direct current
that traverses the relay, for the presence of direct current causes
the relay to operate in a sluggish manner. As the resistance
of the relay is quite high compared with that of the impedance
coil, very little of the direct current will traverse the relay.

-.4 L~~~~~~~~~~~~~~~~~~~~:.
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FIG. .5.

A LATER SYSTEM.
In the system just described only a small current traverses

the sectional rail. Means more recently devised, whereby both
rails can be utilized to a greater extent for the return current
are shown by Fig. 6, in which A-A are block-sections, from 2 000
to 4 000 ft. in length; B-B are inductive rail-bonds of a few
turns of copper conductor of about 1 000 000 cir. mils cross-section,
C-C are transformers supplying current to the track, and D-D
are relays operated by alternating current only, controlling the
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signals through the local circuit E. They are similar to those
shown in Fig. 4.
The transformer is designed to have a large amount of mag-

netic leakage when the secondary is short circuited by a train
in the block, thereby reducinig the electromotive force of the
secondary and the energy absorbed at that time.
The inductive rail-bond is shown in detail in Fig. 11. The

bond is composed of a few turns of bar copper, and adds but
small resistance to the track-section; in fact, the actual increase
of resistance in a track-section 3 000-ft. long, due to the addition
of these bonds, is only one-half of one per cent.; or in other
words, the efficiency of the track return is 99.5 per cent.
As shown in Fig. 5, the propuls on current traversing each

rail divides and traverses the bond in opposite directions, thereby
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FIG. 6.

n-eutralizing the magnetic action of the direct current; while
the alternating current traverses the bond in only one direc-
tion, making the bond inductive to the track- current.
The question naturally arises: will the resistance of both

rails be equal? It is not assumed that they will be, and this
is taken care of by making the iron core of the inductive rail-
bonds with an open magnetic circuit, the opening being so
large that iao excessive unbalancing of the current between
the rails will change the inductive effect of the bond.
The effect of direct current on impedance coils, with and

without an air-gap, is shown by curves in Figs. 7 and 8. Fig. 7
shows the same winding and iron as used in the test shown by
Fig. 8, except that in Fig. 8 the iron core has an air-gap
of 0.125 in. In Fig. 7, the least amount of direct currt
will:make a great increase in the alternating current traversing
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the coil, while in Fig. 8 the direct cturrent is increased to 600
amperes without any material increase in the-alternating current.
From 600 amperes to 1 200 amperes, the curvature is gradual;

beyond 1 200 amperes the curves are quite flat. The air-gap
may be made sufficiently long to take care of any reas'onable
amount of direct current, the alternating and direct current
traversing the coil being nearly in proportion to the opening
in the magnetic circuit. Continuity is attained between ad-
jacent block-sections by connections made to the middle of
the inductive windings. It will be seen, therefore, that the
track-current from one block cannot extend into another block
regardless of the impedance of the bond B.
A relay similar to, that shown in Fig. 4 is used in this system,

the only changes being of minor importance. The electromotive
force at the relay is a little more than one volt. In blocks
3 000-ft. long there is a pressure of abo- t 6 volts at the-, trans-
former, the difference being due to the high impedance of the
rail with the alternating current.
The relay is placed at the entrance end of a block and the

transformer at the exit end. With no train in a block, the
energy absorbed by each block is approximately 50 watts.
When a train enters the block at the relay end, the energy is
seldom more than 75 watts, and about 300 watts when the,train
is exactly opposite the transformer. As the train is exactly
opposite the transformer but a few seconds at a time, the
average actual energy consumed is quite small.

LIGHT-SIGNALS.
In the East Boston tunnel light-signals only are used, as

shown in Fig. 9. The signals have two colored lenses; red, for
danger; and green, for safety. The signals are lighted by two
4 c-p., 50-volt lamps connected in multiple. The lamps are placed
close together and in line with the lens, the focus of the lens
being midway between the two lamps. With this arrangement
very little difference is noticed in the action of the lenses. Low-
efficiency lamps with a coiled filament are used; on account
of 'their low pressure and low efficiency these lamps have long
life. Being connected in multiple, both would have to be
out at once before the signal would be out of commission; even
then there would be no danger, as no light in a signal is con-
sidered a danger signal. The current for the lights is supplied
by a separate winding on the transformer.
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Electrically-lighted signals are fast displacing the oil-lighted
ones. They were adopted on the New York Subway after very
careful consideration, and their continued satisfactory working
has more than justified their adoption. In an installation of
this kind men are lnot required to fill and clean lamps. This
means great saving in the cost of labor, and perhaps of life;
for in a place like the Subway, where space is limited and the
trains are constantly running, it is of great importance that
the maintenance crew be kept as small as possible.

In the East Boston Tunnel the lamps are lighted and extin-
guished back of the different lenses by means of front and back
contacts on the track-relays. The contacts are made between
platinum and carbon, as two metals could not be used on account
of the liability pf fusing.
At this point it may be said that the layman usually believes

that the rails of a track are less likely than any other part of
the signal system to be struck by lightning, or to carry currents
induced by lightning. Yet this is a conditicon that signal men
have to contend with. The inductive discharge between rails is
considerable, and numerous relays have been burned out or
injured by lightning, notwithstanding that they were built in the
best possible manner, and all parts tested by an alternating
current of 5 000 volts as an insulation breakdown test.

LONG ISLAND RAILROAD SIGNALING SYSTEM.
In the electrified subway portion of the Long Island Rail-

road, electrically-lighted signals only are to be used. The sig-
nals are shown in Fig. 10. Four lights will be used: the two
upper ones being the signals for the adjacent block, and the two
lower ones for the second block in advance. The upper lens is
red, danger; the one below, green, or safety; the upper one of
the two lower lenses is yellow, or caution, and the lower one
green, or safety.
On the elevated and surface portions of this road it is planned

to use signals of the 2-arm type operated by electric motors
from storage-batteries of 6 cells each, the batteries being
charged by current taken from the third-rail through a suitable
resistance. About 250 of these signals are to be installed.
Current at 2 000 volts and 25 cycles will be furnished the sig-
naling system by mains extending the length of the track.


